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Identification of pathogenic fungus Metarhizium rileyi isolated from lawn grass
cutworm Spodoptera depravata based on multiple-gene sequence analysis

Luo Qingquan' Lu Guangliang' Xu Ying"” Li Li* Wang Feng'
(1. Shanghai Academy of Landscape Architecture Science and Planning, Shanghai 200232, China;
2. Shanghai Chenshan Botanic Garden, Shanghai 201602, China)

Abstract: In order to identify the pathogenic fungal strain DT2011N7, which was isolated from the dis-
eased larvae of lawn pest Spodoptera depravata (Butler), morphological method, BLAST, and molecu-
lar phylogenetic analysis method were used based on individual and concatenated ITS, f-tubulin and
rpb2a gene fragments. The colony on SMAY medium was white at the early stage and then turned light
green due to being covered with spores. Conidia were typically ellipsoidal with the size of 3.5-5.5 umx
2.0-2.8 pm. BLAST in NCBI indicated that the strain DT2011N7 had 99% - 100% similarity with
Metarhizium rileyi, and phylogenetic analyses indicated that the strain DT2011N7 was always grouped
in the same clade as M. rileyi with a bootstrap value of 99-100. Based on the morphological characters,
BLAST and phylogenetic analysis, the strain DT2011N7 was identified as M. rileyi.
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AT ARE 50 7 hi? e A7 CR EXUFI B D, 2006) 5
2201447 H , &8RA 83 MR = i A M,
BiiaA G0 12 A 33 BHCR I ESE, 2015) . FIHTES
Hus e LB R R E A F A PE N E T
Bt(Lietal.,2010),

IR KM WK Spodoptera depravata (Butler) X
LRGN , AR N Z R ARAE R P B
BN H A 7R H A 5 B A 2 4 (Twano,
1987;Kang et al.,2004) . % HZFRE A X &k A=
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TR RUTR S SR AE P B AR L Ry

S R LB T Metarhizium rileyi X 44 3¢ FCHF R TR
Nomuraea rileyi, j&— P 238 7 1 B5 16 85339 H 4))
Ry AR L, 7R R A R e s DR #F A
FWAT , AR AP HEECR (TR, 2006 ; Peri-
notto et al.,2012) , Srisukchayakul et al.(2005) /5%
LR DR R INER R E TERIBUR M Spodoptera litura
FIES A KB R 8~9 d. Ambethgar(2009)
NN RIRGHME T S AR R BAIEC A, A BT
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GPLME = IR RO RS L /N
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BT, 2 DMES LB A FE LS 6 0 F A2
FAR G rDNA-ITS [ 81 53 A7 %) 3R Qg A T iE 4 7 3 2%
M (BUEATAE, 2015 8000 9555 ,2015) . KT, ITS
AN B L) B A (5 B A B, A B IEASBEAT 2L IX 43 56
AL T 5 (Moriwaki et al., 2002 ; Bischoff et al.,
2006) o JTAFAEET) 1z N Y 2B KT SRS
BB R M B 5 1 3 E ) RGeS Fh s 4
E BIUERAE (Bischoff et al., 2006) . Weir et al.(2012)
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oides complex #17 T R AL /3T s THH5E(2014)
KH efl-a.rpbl .rpb2 . B-tubulin FE B A XT 10 #iLk
TR AR o AL AT T RGEH T, AR
ZH AT A B, FEAK R LT Ry B i X R 1R
SRR A2 B R Y , R A HE AT R e
MIIRGE o ASBIFTE BT PR AR TR S RS A3 e e g P A
HATIRIR R 7 25, 45 B IR 2E R BRI S 2 A
JE 9 43 A 6 He b 1 BRI R AT 4 F %50, IF DA Ke-
pler et al.(2014) 2 H K R Ge kA A A4 , T8 i%
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B R FRE DT2011IN7 2085 A IR LA
Py el SR 1) RS TR 1) DRI R i AR R BRI E D
It R AR R R PP R o Bk T
0.3% FLIER Y PDA VAR 90 I B 435, 26 “CHE IR %
F23~5 d, BRIBCR TRV , 4 CURFR -7 75 HH o

PR B BP A SRAEIR GG B RO, 17 SR8
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J SRR BUR —18 3~4 i 4y oA At e ik

B 7 3k - )% 2 % 0% B I (potato dextrose
agar, PDA) KiF2 5L . 5 Je 255200 g i 490 20 g
BiREH 16 g, INZEIE/KE 25 2 1 000 mL ; B [C22 270
f% 1192 K1 (Sabouraud maltose agar with yeast extract,
SMAY ) 55 575 - 42 ZEEER I 40 g R IR 10 g T
BEH 10 g IR #Y 16 g, INZEMR/KE 22 1 000 mL,
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7 FR 2\ 7] 5 10xPCR Buffer . dNTP Mix .MgCl,.rTagq
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450 B4k AR E TR R IR S AT FR/A F s MLR-350
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1.2 Fik
121 AR AGEERE AT S FUR
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HeXF . M GenBank T 2435 G & {1 1 B 3t % St T
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Jo A8 FH e K AL SR EE (maximum likelihood, ML) 43 7]
P LR J 2 L R G b AL, Bootstrap (5154
1 000, f# F] Sequence Matrix 1.80 #X KK % 2 9
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Fig. 1 Morphological characters of strain DT2011N7
a: WKL ; by AETFHE 43/ E 7+ a: Colony morphology; b: conidiophores and conidia.
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2.2 FHI R RGN AT
221 MBI At

W K45 T Bk DT2011N7 £ J# 24 619 bp 19 ITS
FE31 1 472 bp 1 -tubulin FE 5 F1995 bp i rpb2a JF
H o N 3 5 A HE A GenBank 2048 2 , 3R BUE 5
VN KX641194  KX641195 F1 KX641198, BLAST
e X435 7R B RR DT2011N7 [ 1TS 32371 536 [ 4t
TR TR —EME TS 99% , 5 W R S E T M. flavoviride Fl
JEIE 2T JE . 1# Pochonia chlamydosporia W) 1TS ¥
G| B L IR 89%~91% ; H B-tubulin 75 53 [ 2k
B — 25 99% , 5 1 3 4 T 45 LB 1B TR Ak
(1) B-tubulin J3 5| — M 2 75 80%~85% Z. 18] ; )T 4]
rpb2a 53 [RGB — RIS 99%~100% , 5 WE 4 {3
W M. acridum %51 rpb2a 75| —EHMEZAE 95%~91%
ZIa ., FUHERE DT2011N7 1y 3 ML JF 5134 53
R SR AR TR 1) [RIVR M d 3, — B0k 99%~100% o
222 AR ARG ER S

FEFITS (K 2) f-tubulin (& 3) Fl rpb2a (K 4)
FEB A3 SR EE T iRk DT2011IN7 BB ML 2258
AR, R EE A — B, B SR RSB TR R E T
[ —AN0 32, A REAE R 99~100, F B £k DT2011N7
53R R R B it . 78 3 MR R
FEB i, SRR B PN (] — R O [ B R 19 77 91 35 g
RETR -0, HRMEZ 0L L, TR RG

26

54

D

PR b R SRR AT A . (HEE T ITS Fl rpb2a
JEHI R BB ML R G HEAERE R [F AP AR 2 1
Doy 3T RN A RAEAN S, SRS AE B A XA
JE AT ITS FE A B L ML R G, 1
25732 A JRAEART 40 , ANEUERT , (U EE TS 751
TCUER Y 5E . F&T B-tubulin N rpb2a J7 5 ¥4 3 Y
PABER ML R G0 AL )3 D5 A JE AR — B, i A
TITSFHIH R R G RT3 25 AR,
223 5AW R AR A EE AT

FEFITS | p-tubulin Fl rpb2a = AFE R LA ¥ 51
T Ak DT2011N7 14 22 58 K ML 5 4t #F 10 4%
(KS5), &30 5 N 208 o M. guizhouense . 4 6,1 2%
TR KAAEF M. majus &0 TEBH M. anisopliae
IR ERAR TR X 4 AP EREE T B FafE R E S
3, A RAE N 100; B ERE T AR SRR TR M. frigi-
dum | B LR ERAB TR /NS BN M. minus FNEE2 WF 2% {5
I M. pemphigi iX 4 1T R AL T i ap s At 1/ 5 5 Fh
33, A JRME N 100; MR R M. cylindrosporum
LR IR M. viridulum BE T —70 3%, AJRE
2 100; T #k DT201IN7 £ TR E R N3, 5
SRR ERARE TR —4r 3, AR{EHR 100, 55
FEH RGO AE L, 25K P R Gk A 2% 70 37
MKRZ 5T 80, H R R HLIE R AL i [F]— 15 4
T, S BB B LA AR I SR 5% G 3R S o 2 AT

99 | Metarhizium minus (AF138272)
Metarhizium minus (AF138271)
Metarhizium pemphigi (KT371489)
85- Metarhizium pemphigi (AB524446)
96| Metarhizium flavoviride (AF138268)
Metarhizium flavoviride (AF138269)
Metarhizium frigidum (HM055448)
Metarhizium frigidum (FJ617345)
T2011N7 (KX641194)

39 W{Metarhizium rileyi (AY624205)

Metarhizium rileyi (AF368501)
100 | Metarhizium album (HM055452)
0.02 30 Metarhizium album (HM055451)
) 24 Metarhizium cylindrosporum (AF368270)
—97|:|j Metarhizium viridulum (AF368500)
29 Metarhizium cylindrosporum (JN049872)
81 Metarhizium pseudoatrovirens (IN049870)

50

100[ Metarhizium khaoyaiense (JN049869)

Metarhizium khaoyaiense (JN049868)
92| Metarhizium majus (HQ331445)
Metarhizium majus (HQ331443)
79 Metarhizium guizhouense (HQ331448)
Metarhizium guizhouense (HQ331447)

99

46| Metarhizium anisopliae (HQ331464)

84" Metarhizium anisopliae (HQ331446)

Metarhizium acridum (HQ331458)
100' Metarhizium acridum (HM055449)

_|

Nomuraea atypicola (AB099942)

Beauveria bassiana(HQ880761)
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Fig. 2 The ML phylogenetic tree of strain DT2011N7 and other related strains of Metarhizium based on ITS sequences
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92| Metarhizium pemphigi (KJ398591)
o6| ! Metarhizium pemphigi (KJ398586)
Metarhizium minus (KJ398576)
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98| Metarhizium guizhouense (EU248834)
92! Metarhizium guizhouense (EU248830)
64 100, Metarhizium album (KJ398580)
Metarhizium album (KJ398572)
B Metarhizium viridulum (KJ398588)
68| | 99| Metarhizium cylindrosporum (KJ398587)
100! Metarhizium cylindrosporum (KJ398543)
L—— Metarhizium pseudoatrovirens (KJ398546)
1007 DT201IN7 (KX641195)
Metarhizium rileyi (KJ398574)
T3\ Metarhizium rileyi (KI398566)
1001 Metarhizium khaoyaiense (KJ1398565)
[ Metarhizium khaoyaiense (KJ398564)
Noumuraea atypicola (K1398589)
Beauveria bassiana (EF222312)
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Fig. 3 The ML phylogenetic tree of strain DT2011N7 and other related strains of Metarhizium based on f-tubulin sequences
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76 Metarhizium frigidum (KJ398727)
Metarhizium frigidum (DQ468376)
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99' Metarhizium flavoviride (KJ398694)
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— 36 Metarhizium viridulum (KJ398724)
66 W[’f Metarhizium cylindrosporum (KJ398723)
97" Metarhizium cylindrosporum (KJ398691)
——— Metarhizium pseudoatrovirens (JF415997)
100[ Metarhizium khaoyaiense (KJ398704)
Metarhizium khaoyaiense (KJ398703)
9| Metarhizium rileyi (KJ398705)
Metarhizium rileyi (KJ398711)
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Fig. 4 The ML phylogenetic tree of strain DT2011N7 and other related strains of Metarhizium based on rpb2a sequences
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100 Metarhizium guizhouense (HQ331447, EU248830, EU248937)
1001- Metarhizium majus (HQ331445, KJ398571, KJ398708)
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Fig. 5 The ML phylogenetic tree of strain DT2011N7 and other related strains of Metarhizium based on

their ITS, S-tubulin and rpb2a sequences
155 N GenBank J¥ 51| % 5% S AR YR XF B TS ¥ 31 | B-tubulin and rpb2a 21K ¥ %] . GenBank accession numbers from left to

right in brackets respectively correspond to ITS, f-tubulin and rpb2a gene sequences.

i [ SR AR TR 2 F 2 119 H AR LR, WA 1) 4328
A2 1t Z R HG , & 19744558 44 R R ET A
N. rileyi(Samson, 1974) , T 2 IT4E . 8575 (2004)
WKIETE 2527 R4 A 2 U Al b 2 (L BT R B8 Nomu-
raea viridula /3 N\ 1% F & Metarhizium , 3%t 3€ [K
BB N, rileyi (1) 53 28 Mo 32 H BE 0], A0 & Fngg

oL i 25 2 O R AT, IO A T S A 4

%€, Kepler et al.(2014) 5t T Z HE P R G0 Hr,
Sh A AR B B G R T I A AR AE I 5
a5 2 KER Ay P SR TR T I B AN TR b
I A 28 SR AR TR IR, S R B AN TR V. rrileyi 7 I F S
g . AMFIE R, TieTE R sl 2 3 N R Gt b
R, B bR DT2011N7 53 [QER AR 1A 3345 T[] — 43
W, F L S R SR N [A]— PP, X 5 Kepler et
al.(2014) W45 R —3, BEIRZ N KRG i
TN IR R AR TR v T LR o S I iz 2 e b i — A
ST 5332 b, VRS [RGB R 5 SRR 8 T e A
SRS BRI 5 W B Jm R e Rl 5
A& 5 B R TR Nomuraea atypicola {51 TN [R] 1)
PEAL 37, AR IR B G . X — 45 5 S FF T Kepler
et al. (2014443 FR L5 P R VH TSR i R 1 2518 o

B 245 (1983 ) K3 R BT A TR 1T A2 Wi Rk
TRy < W RPN B R 5 B R i
LR s S A AR BT, B AR RS AR i
BIHEIE ; 0 A 40 FRUE , BRI 24K, 3.7~4.7 pmx
2.0~2.5 ym, White et al.(2003) A : H & A= K 2%
15 , 43 A A0 FA5 BT A0 B 5 o0 A A BRI, SRR

AHFFT R R DT2011INT (IFEASHFIE 5 DL E2f %t
SEICEP R AR IR A —E, B T (2015) Fingh
T 955 (2015) 2R H T IR RHELS & 1TS J7 51 40 B
()7 0 SR QAN TRTHEA 7 0 2 e o SR, B i
TN ITS FFAIA BEAS JE DA DX G S B e PN — S 3T 2% Fh
o AR (EHI4E,2014) 0 A TG F R BRI, 4%
WM HINGIA T B-tubulin Fl rpb2a FEH 51 , 537
AT T BLAST [R)UE 4 FE X, 38 4 BRI D) Je 22 35 R H
BF 53 AT RE T A G B AR T 28 2
X} Bk DT2011N7 1) 3 4~ 3 K 51 43 53] b 17
BLAST [R]J Lex , 25 583 R 5 S [Rap i i 2
e fe O TR) R AN ) 32 PR 91— B0 38 35 99%~
100%. SR, Hi 5 — 2L G Fp IL H P 51 80%~
95% A — M, AU BLAST FEXF 45 A 2 LA S 4355
PRI . I, ARBFFE 56T ITS - tubulin F
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